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Abstract. This research was carried out in the tidal area of the Siak River,
Pekanbaru, Riau Province. The purpose of this research is to determine the
distribution and condition of Sonneratia caseolaris in the tidal areas of the
Siak River in Pekanbaru as a basis for assessing future sea level rise. The
method used in this research is a survey method and purposive sampling
technique was used to determine the sampling points. The distribution of S.
caseolaris was mapped by determining the current most upstream
distribution point. S. caseolaris is presented in terms of tree diameter and
condition. The distribution and condition of S. caseolaris were analyzed
descriptively. The results show that the distribution of S. caseolaris in the
upstream direction currently reaches the point 0°32'48.39" N and
101°2725.97" E. The density of S. caseolaris ranged from 1.67 — 2.67
ind/100m? for the sapling group and ranged from 3.67 — 18.67 ind/100m?
for the tree group. S. caseolaris is found along river flows towards the
estuary with tree diameters ranging from 1.91 — 3.82 cm for sampling and
4.14.- 48.09 for tree. The average diameter of the tree becomes larger
towards the river mouth.

1 Introduction

Global warming has caused numerous environmental problems that negatively impact life,
such as rising sea levels, increasing intensity of extreme weather phenomena, and changes in
the amount and patterns of rainfall. Other impacts of global warming are the impact on
agricultural output, the disappearance of glaciers, and the extinction of various types of
animals. When the atmosphere heats up due to global warming, the surface layer of the ocean
will also heat up so that its volume will increase and raise sea levels. Rising sea levels due to
global warming also have various impacts on ecosystems and life in coastal areas.

Other impacts on the influence of tides and the potential for permanent sea level rise
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observed by experts include changes in the state of coastal ecosystems, increased erosion,
accelerated damage to buildings, settlements, industry, rural agriculture, including disruption
of population activities such as other activities. In general, the situation and level of damage
that occurs will vary depending on the use and conditions of use of the coastal area [1].
Coastal ecosystems that are influenced by rising sea levels include mangrove ecosystems.
Essentially as a dynamic coastal ecosystem, mangroves have the ability to adapt to respond
to environmental changes. When sea levels rise, mangroves will move towards land and form

new zZones.

One factor that influences the distribution of mangroves is salinity. This causes mangrove
vegetation to not only be found along the coastline and river mouths, but can also be found
several kilometers from the river mouth towards the river upstream. This is influenced by the
salinity concentration in these waters [2]. The Sonneratia caseolaris mangrove forests along
the Siak River in Riau Province can now be found in the Pekanbaru area, more than 100 km
from its estuary. Its distribution is estimated to extend farther from the river estuary as sea
levels rise, but this has not been documented or has no scientific data. The aim of this study
is to assess the current distribution and condition of the mangrove species Sonneratia
caseolaris as a baseline for measuring future distribution changes caused by rising sea levels

due to global warming in the Siak River, Riau.

2. Material and Methods

2.1 Time and place

This research was conducted in July-August 2024 in the tidal area of the Siak River in the

Pekanbaru area, Riau Province (Figure 1).
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2.2 Material and Tools

The materials and tools used for data collection on the distribution and diameter of
Sonneratia caseolaris trees in the field include raffia string and measuring tape, while
the instruments for measuring water quality are a thermometer, refractometer, and pH
meter.

2.3 Research methods

The method used in this research is a survey method. To collect data, direct
observations and measurements were made in the field.

2.4 Research Stations

The sampling stations were determined using purposive sampling techniques, which
involve selecting stations based on specific considerations [3]. In this study, these
considerations include environmental conditions and human activities along the
banks of the Siak Riverln this study, the research location along the tidal area of the
Siak River in Pekanbaru, where S. caseolaris was found, is divided into three stations:
Station 1 around Vihara Jalan Pesisir Rumbai (1: 0°32'48" N and 101°2725" E; 2:
0°32'52" N and 101°27'23" E; 3: 0°32'57" N and 101°2720" E), Station 2 in the
Tenayan area (4: 0°33'54" N and 101°30'37" E; 5: 0°33'57" N and 101°30'37" E; 6:
0°33'39" N and 101°30'4" E), and Station 3 in the Okura area (7: 0°34'22" N and
101°32'4" E; 8: 0°34'13" N and 101°32'45" E; 9: 0°34'30" N and 101°33"2" E).

2.5 Research Procedure

2.5.1 Water Quality Measurement

The water quality parameters in the mangrove ecosystem measured in this research
are temperature, salinity and acidity (pH). Measurements were carried out at high tide
with three repetitions.

2.5.2 Distribusi Sonneratia caseolaris

Observations of the distribution of S. caseolaris in the field were carried out along
the Siak River in the Pekanbaru area using land and water transportation modes. This
observation also pays attention to the extent to which S. caseolaris mangrove
vegetation can grow towards the upstream of the river by determining its coordinate
points.

2.5.3 Density and diameter of Sonneratia saceolaris

The data collection of the density and diameter of S. caseolaris trees was conducted
based on transect plots with an area of 100 m? [4]. At the predetermined points, the
coordinates were recorded using GPS. In each at the predetermined points, the
coordinates were recorded using GPS. In each plot, the number of trees was counted,
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and the diameter at breast height (1.3 m) was measured for tree groups and saplings,
while the number of seedlings was only counted.

Density (Di) is the S. caseolaris contained in one unit area:
Di = ni/A

Note: Di = density of S. caseolaris (tree/100 m?), ni = number of stands of S.
caseolaris, A = total area of the sampling area (100 m?)

Tree diameter at breast height (DBH) of S. caseolaris:

DBH = CBH (cm)/ T

2.6 Data Analysis

Data obtained from the field were processed using Microsoft Excel to obtain the
density and average diameter of each tree. The results of the analysis are discussed
descriptively.

3. Result and Discussion

3.1 General Conditions of Research Locations

The Siak River is one of the large rivers in Riau Province. The upstream of the Siak
River is located in Rokan Hulu Regency. The Siak River crosses the Pekanbaru City
area and empties into Bengkalis Regency and was once said to be the deepest river in
Indonesia, but is currently believed to have experienced shallowing due to human
activities along this river. In addition to settlements, a common activity along the
banks of the Siak River is palm oil plantations.

3.2 Water Quality Parameters

The results of water quality measurements in the tidal area of the Siak River in
Pekanbaru at each station can be seen in Table 1.

Table 1. Average Water Quality Measurements in the tidal area of Pekanbaru City

. Station
No. Parameter Unit 1 2 3
1. Salinity %0 0 0 0
2. pH - 5.5 5.5 5.5
3. Temperature °C 29 29 30

In Table 1 it can be seen that the average water quality parameters at each
station are relatively the same. The water quality measurements in the tidal area of
the Siak River in Pekanbaru show a water salinity of 0%o, water temperature of 29-
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30°C, and water pH of 5.5. According to Wijayanto [5] S. caseolaris lives in an
environment with a salinity of 0 — 15 ppt in the Calik Banyuasin River area. The
temperature at the study site ranges from 29-30°C, including conditions that are still
good and suitable for aquatic life [6].

3.3 Distribution of Sonneratia caseolaris

The results of observations of S. caseolaris in the tidal area of the Siak River in the
Pekanbaru City area were found to be uneven, only at certain points, both on the left
and right sides of the river. The point where S. caseolaris is found is furthest towards
the upstream of the Siak River, namely at coordinates 0°32'48.39" N and
101°27'25.97" E. S. caseolaris was not found in all areas of the tidal regions of the
Siak River in Pekanbaru. As we move downstream, S. caseolaris is increasingly
found on both the left and right sides of the river (Figure 2).

Fig.2. Sonneratia caseolaris in the Siak River

In comparison, Mulyadi [7] stated that S. caseolaris is only found towards the
upstream part of the central part of S. Siak, namely Buatan, so currently there has
been a shift in the distribution of this type of mangrove towards the upstream
direction. This is supported by what was found by Rahmadan et al. [8] that S.
caseolaris was found in the Siak River in the Pekanbaru City area even without clear
coordinates for its whereabouts. Sonneratia was found growing along the corridor of
the Siak River between Buatan Village and Sigentil Hamlet, Teluk Rimba Village
[9].

3.4 Condition of Sonneratia caseolaris

3.4.1 Density of S. caseolaris

The results of the density calculations of S. caseolaris from the tree and sapling
groups at each station can be seen in Table 2.

Table 2. Density and diameter at chest height of S. caseolaris at each station

Stat. Plot Tree Dens1t2y (ind./100 Sapling Density (ind./100
m®) my)
1 1 3 0
4 3
3 4 2
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Stat. Plot Tree Densitzy (ind./100 Sapling Density (ind./100
m®) m:)
Ave. 3.67 1.67
2 1 12 1
12 1
3 19 4
Ave. 14.33 2
3 1 19 1
2 18 3
3 19 4
Ave. 18.67 2.67

In Table 2 it can be seen that the density of tree groups is higher than that of
sapling groups at each station. Apart from that, it can be seen that the density of S.
caseolaris is getting higher the closer you are to the river mouth. The highest average
density of tree groups was obtained at station 3, namely 18.67 ind/100m? and the
lowest at station 1, namely 3.67 ind/100m?. The highest sapling group density was at
station 3, namely 2.67 ind/100m? and the lowest at station 1, namely 1.67 ind/100m?.

S. caseolaris seedlings began to be found in plot 2 towards the estuary at station
1. The density of seedlings became denser towards the downstream of the Siak River
flow. The average density of seedlings at station 1 is 5.3 ind/100m?, Station 2 is 23.3
in/100m?, and station 3 is 40 ind/100m?. The density of S. caseolaris, both groups of
trees, saplings and semains which are increasingly denser towards the river mouth
and the tree diameter size which is relatively larger towards the downstream or
estuary of the Siak River indicate that the distribution of S. caseolaris begins from the
river mouth which continues to shift towards the upstream of the river. The density
of S. caseolaris in the tidal area of the Siak River is high compared to that obtained
by Pratiwi et al. [10] which was only 6.22 ind/100m?. Meanwhile, Ronavia et al. [11]
found the density of S. caseolaris in Tahura Ngurah Ray Bali ranging between 177 —
1397 individuals per hectare. According to Noor et al. [12], S. caseolaris usually
grows on the edge of mangrove land where the water is not too salty and along small
rivers that are still influenced by tides, with high muddy substrates.

3.4.2 Diameter of S. caseolaris

The results of the diameter measurements of S. caseolaris from the tree and sapling
groups at each station can be seen in Table 3.

Table 3. Diameter at chest height of S. caseolaris at each station

Tree diameter of Sapling diameter of
Stat. Plot S. caseolaris (cm) S? casgeolaris (cm)
1 1 8.92 - 9.55 0
2 6.60 —12.42 2.87-3.18
3 8.28 —9.24 3.18-3.18
Ave. 10,40 3.18
2 1 4.46 — 39.81 3.82
2 6.69 —40.13 3.18
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3 4.14-32.17 1.91 -3.50
Tree diameter of Sapling diameter of
Stat. Plot S. caseolaris (cm) S. caseolaris (cm)

Ave. 37,37 3.50
3 1 5.10—43.95 2.55

2 4.46 —48.09 1.59 -3.18

3 4.46 —31.85 1.59 -3.50
Ave. 41,30 3.07

Table 3 shows that the highest diameter of the tree group was found at station 3
which was closer to the river mouth, namely 41.30 cm. The diameter of the tree group
at station 2 is 37.37 cm, station 1 is 10.40 cm. The diameter of a tree indicates its size,
which generally can also reflect the tree's age. The results of this study show that the
age of S. caseolaris at station 1, which is closest to the river's upstream, is the
youngest, and it is estimated to have grown most recently due to the rising sea level.
Herdiana et al. [13] stated that diameter can be influenced by the intensity of light
received, age, and the number of leaves related to the photosynthesis process.

S. caseolaris with large diameters were frequently found dead in the tidal areas of
Pekanbaru. This phenomenon, known as dieback, is thought to be caused by the roots
of S. caseolaris being submerged for a long time due to flooding in mid-November
2023 to mid-January 2024. Djamaluddin [14] stated that one of the causes of mass
mangrove death, known as dieback, is prolonged flooding. While short-term flooding
may not kill mangrove forests. According to Hidayah et al. [15] the decline in the
condition of the mangrove forest in Benoa Bay is thought to be due to the dieback
phenomenon.

4. Conclusion

S. caseolaris in the tidal area of the Siak River in the Pekanbaru City area was found
to be distributed unevenly, only at certain points, both on the left and right sides of
the river. The point where S. caseolaris was found is furthest towards the upstream
flow of the Siak River, namely at coordinates 0°32'48.39" N and 101°2725.97" E.
The density of S. caseolaris, both in tree and sapling groups, increases as the point
moves toward the estuary. The average diameter of the tree becomes larger towards
the river mouth.

Acknowledgment

The author would like to thank LPPM Riau University for funding support for this research
through DIPA 2024. We also thank Masyuda Hasan and Miswadi who helped with data
collection in the field.

References

1. N. Nadya A. Salim, The Effect of Sea Level Rise in Indonesian Urban Areas.
SENSISTEK. 6, 1, 52 —55. (2023). https://doi.org/10.62012/sensistek.v6i1.24248



BIO Web of Conferences 136, 04008 (2024)

ISFM XIII 2024

9.

10.

11.

12.

13.

14

15.

T.J. Flowers, T.D. Colmer, Plant salt tolerance: adaptations in halophytes. Annals
of Botany. 115, 3, 327-331 (2015). https://doi.org.10.1093/aob/mcu267

M.F. Fachrul, Bioecological Sampling Methods, (Bumi Aksara, Jakarta, 2007)

LW.E. Dharmawan, Suyarso, Y.I. Ulumuddi, B. Prayudha, Pramuji, Guide to
Monitoring Mangrove Communities in Indonesia, (Oceanographic Research
Center- LIPI, Media Sains Nasional, Bogor, 2020)

E.K. Wijayanto, Distribution of species from the genus Sonneratia in the Calik
Banyuasin River area based on salinity, thesis, Universitas Sriwijaya, Faculty of
Materials and Natural Science (2014)

Ministry of Environmen, Decree of the Minister of State for the Environment No.
201 of 2004 concerning Seawater Quality Standards and Marine Biota, (Ministry
of Environment of the Republic of Indonesia, Jakarta, 2004)

A. Mulyadi, Living with the river: the case of Riau Province, (Unri Press,
Pekanbaru, 2005)

R. Rahmadan, M.B. Rifai, M.Z. Faluti, Optimizing ecotourism potential on the
Siak Riverbanks, Pekanbaru City, Riau Province. Journal of Applied Tourism
Science. 8, 2, 101-111 (2023). https://doi.org/10.56743/jstp.v8i2.267

E.H. Sittadewi, Journal Sain dan Teknologi. 10, 2 112-118 (2008)

R. Pratiwi, H.W. Maharani, P.C. Delis, A.H. Mahardika, Structural characteristics
of mangrove communities in the coastal area of Tangerang District, Banten.
Journal of Fisheries and Marine Research. 6, 2, 9-18 (2022).
https://doi.org/10.21776/ub.jfmr.2022.006.02.2.

A. Ronavia, I. Wayan Restu, I .Ketut Wijanegara, Potential and distribution of
pidada (Sonneratia caseolaris) based on soil type in Tahura Ngurah Rai — Bali.
Journal of Marine and Aquatic Sciences. 6, 2 185-195 (2020).
https://doi.org/10.24843/jmas.2020.v06.102.p5

Y.R. Noor, M. Khazali, LN.N. Suryadiputra, Guide to Introduction to Mangroves
in Indonesia, (PHKA/WI-IP, Bogor, 1999)

N. Herdiana, A.H. Lukman, K. Mulyadi, Jurnal Penelitian Hutan dan Konservasi
Alam. 5§, 3, 289-296 (2008)

.R. Djamaluddin, Mangroves: Biology, Ecology, Rehabilitation, and

Conservation, (Unstrat Press, Manado, 2018)

Z.Hidayah, H.A. Rachman, A.R. As-Syakur, Mapping the condition of mangrove
forests in the Madura Strait coastal area using the Mangrove Health Index
approach using Sentinel-2 satellite imagery. Indonesian Geography Magazine. 37,
1, 84-91 (2023). https://doi.org.10.22146/Mgi.78136

https://doi.org/10.1051/bioconf/202413604008



